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ThC E2~tCrm of thc Adams‐Novikow spcctral scqucncc converging to thc
homotopy groups π*χ f a conncctcd spcctrulllズis the grOup 汀*BP.χ
=ExtttP*】P(BPx,BP.χ)for thC dcrivcd functor ExtttPがP(Br埠, )。f the functor
HomBPが(B4, )WhCre thc pair of algcbras(】Px,B4】P)=(猛ガ[υl,υ2,・・・],
】P.[ケ1,ι2,…・])iS thC HopF algcbroid arosen from the Brown‐Pctcrson ring spcctrum
BP at a primc p.Thc E2~tOrm has sottc information on thc abuttlng groups π*χ,In
[1], ?rillcr, Ravcncl, and WilsOn introduccd thc chromatic spcctral scqucncc
convcrging to thc Adams‐Novikov E2‐tCrm for thc sphcre spcctrum S and for thc
Toda―Smith spectrum 7(η),dCtCrmined thc second linc of ttc Adams―Novikov E2~tCr
for an Odd priinc P,and gavc somc relations in thc stablc homotOpy g■oups π*S ofthc
sphcre spcctrum.Thc El―term of thc chromatic spcctral scquencc is thc Ext group
rr*νtt for thC BP.BP‐comodulc M,deancd inductively by NP=】亀/(p,υl,・・・,υ“
_1),
ルC=υttsNtt and N,+1=ν岳/N,as a COmOdulc.Thc El‐term打°ν,is dCtCrmincd
for d=0,l and any prime p and for s=2,η=O and an odd primc p in[4]and[1],
and for s=2,冷=O and the primc 2 in[7].ThiS El―tcrm is also an E2~tCrm of thc
Adams―Novikov spcctral sequcncc fbr somc corrcsponding spcctrum constructed by
Ravencl[5].That iS tO say,the computation of thc El「tcrm ay contain som
information about thc localセcd stabl  homotopy,In his paper wc dctcrmine rfOM,
for η≧2 and an odd prime p(SCC Thcorcm l.動,Now t  undctcrmincd cascs for thc
El―tcrm Fr°jИtt arc thC f01lowing:1)s≧3,2)s=2 for乃=1,and 3)s=2 for thc
pttmc 2.
§1・ Statement of results
Let(И,r⊃dCnotc thc HopF algcbroid obtained fl・om thc BFWOn‐PctcrsOれ ring
spcctrum】P at a primc p.That is,И=BP.〒ZID[υl,υ2,・・・]and Γ=BP.BP
=βP.[ιl,ケ2,・・],With degrcc lυ,I=|ち=2pι-2.Thcn И is a r_cOmOdulc with thc
structurc map rT 、vhich is thc right unit of thc Hopf algcbroid.  Associating tO И, 、ve
havc Familics of comodulcs N,and ν;dcancd by  _
NP=BPx/砂,υl,Ⅲ・,υЛ-1),M;=p汗:ダ,,and Nす1=ν;/N;.
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By dcnnition,cvcry elcmcnt x of ν,iS a lincar combination of clcmcnts of thc form
ノυ岳・・…υ写略士i forノ∈υ″:】亀/(p,…,υ“-1,υ″,_,υ滸:_1)and 9J>0(η
≦デ≦η+テー1)
with rclation thatノυ岳4…・υ写略と1=O ifノis a multiplc of onc of υ子ブ'S in thc
dcnoninatoro  Wc also dcnote η for the structurc maps of thcsc comodulcs,
Lct ′И bc onc of thcse comodules. Thcn Ext group打°Att is dca ed tO bc:
打°M=Ker{冴=η―プ:ν→ν oИΓ}.




for猾≧4 Here B亀/(υ杵 1)dCnOtCS thc cokerncl of thc cano?cal inclusion BP.
→ υ〆 lBPx,and every elcmcnt χ of BPx/(υれ 1)has a formノ/υ41 fOrた>o andノ∈BPI
with a convcntion thatノ/υ与1=O ifた≦O orノiS a multiplc of υ与_1.We arst recall























In[9,(4.2)], wc intrOduccd similar clcmcnts /t of υ√lBP. Such that ズJ tt χИ,
mOd(υ
'=:・
').The dennitiOn Of〆:is slightly morc complicatcd than that of χ“,:,andwe will only takc the neccssary information from[9].From hcrc on χ
“,somctimcsdcnotcs thc clcmcnt二てi but thcrc will not bc any confusion in thc scqucl.  We Furthcr
use the elcmcnts,.,r Of υ√1】P.fO 狩≧2 and′≧0(げ[9,(2.8)])dcnncd by
傷“,0=υ「
1,and Σ】キゴ=rυ“+上げみ=O fOr′≧1.
Lct ,,デ ′, r and s be integers such that
(1,1) ,=sP/with p/rS,and l≦ブ≦α“r With p/ブ,
子,r≧0,r=子(η-1)With ι<η-1.
Now wc dcnne χ(,ガ;Ю,た)fOrた≧0:
The CllrOmatic EI‐teFm打°M子
il FOr″‐0;that is,,=s andブ=1,























X(■んη,た)=X(狩,秘,た-llp tt W('タブ;rcl  for た≧2,
whoro
υ(1ブ)=一Sザと2″-1,2鵡こど/増f 9ゞ・'























ψ(',デ:た)=0         0therttisct
iii)For s=S′P-l lp/s′光デ<αT,r and o≦,≦η_3,using力=(1+1)(猾-2)+1,
X('力;η―17cl is same as that in(⊃foF打<―力.
χOオ;れ;り=ICガ:猾;カー生)p+ブ巧1蒻'・~″υ刀_1澪ヽV可せ声ギ I
十力砕巧れ転十Й+1/υttf'コ‐に1,










咀r+l Pr/υム「'4,r ifヵ=41 forど‐じ+α“七
″
'












′α・ ―L″+1+Pたれ 'υ打珂 ″塩 子年1/υ黎町
十1-″躍,■~■′+路 2
fOr/=1,9≠-lψ)and力F_(η―_2)2<た=1徹-1);












Considcr intcgcrs α=sP/+た=″た,b=ブpた,C,力=(′+1)(Ю-2)+l and″=(乃-2)2
such that b and c arc positive,ptts,p才ブ,r=′(カー1)With O≦′≦猾-2,じ≦c,(α,b)
and b≦α″,r+κ if'≠0,where thc intcgcrs cヵ(α,b)iS given by:















′  for′=乃-2,デ=9p-l With P/r(ゼ+1),and
た≧ (η-2)2,
C“(α,b)=pた+1+pそ       for!=η-2 andブ=θp-l with pl(?+1).
wc dcnnc the element χ(α/b,C)Of ν
'2 fOr thc abovc intcgcrs by:χ.(α/b,C)=χ(ウケ;η;た)/υ身_2・
Notc that r x/υ,2G打°虎暗 2 fOr χCυ√lB亀/(υれ 1)With χ≠ O mOd(υ42),then X/υ身 2








陶οれ を9s σ?η?′αr″うノ X“(α/b,C刀(α,b))力′ αGZ αカプ う>0,αヵプ b≦,刀,ツ(リ ア












In order to study the differential冴=η一″:ν→ν ①И Γ fOr a comodulc M
associated to the comodulc(B亀,η),WC COnsidcr thc map冴′=P′ヴ①l(η―J冴):L
→(L/J)①И Γ fOr somc comodule L related to ν,an idcal y f Btt and the canonical
map prげ:L→L/J.In thiS Situation we write
冴χ≡ノInod J
for χcL andノ∈L①Иr such that冴′χ=ノ.In practice,for the elements χ
“,of L=υ「
lBtt g?en in sl,if′χ″,≡υ,_1ノmod(p,υl,・‥,υ“
_2,υ;±I),then WC havc thc
cquahty
冴χ,,,/υ冷±i=ノ/υ,-1
in ν=ν,1.ThC Cxplicit Formulac arc given as follows:










As wc havc said abovc,thc clcmcnt χ.,,somctimes mcans the clcment/,givcn in[9]
and so in somc cascs it also satisncs:











Wc have similar results for hc clcmcnts χ('ガ;乃;た)dCnncd in sl by sCtting ν
=ν
'-2 and L=υ
√lB4/(υμl)・ TO Statc this wc rccall[9,(210)]the elCmcnts w",of
υ「








mOd(p,υl,・…,υ"_1)and TF iS an Clcmcnt such that碍=ケ:mOd(p,υl,・…,υ】-1)(fOrcxplicit dcrlnition,scc[9,abOVe(2.5)]).The algcbra L=υ√lB=*/(υれ1)haS an idcal
プ(た)=(p,υl,…・,υ“
_3,υ4-2)・






】γ た>1,αηブ Sο簿確 zたCBPIBtt ν力?″ε=た-1●-1)ツサ滋 0<じ≦ η-2.















肱<″;鳴/Cl=υた2瑠すι:「カイ留?r tt Plt+pk l―“球 +クた2盈/ウイ≒
1+pκ







~l mod J(ι+ら 1,た)
力′た>0・
(b)JD′ブ=られ~1,








Qれ-2,た≧1″ブ肋 ′=O αη″た≧2″′励 ι

















































































rff′θざ ね ,ヵ加 ?クθ′∫夕
"′
力″ ε′≡た-1(冷-21″,チカ0≦じ|≦η-3,,胞′:












































1″+1)力rた≧ ″,レタル rぞ じ′=た(″-21リカカ0≦ε′≦ れ-3,















PR00F.1)WC ttavc thC fOrmuia(宅′ [3っ(12J]〉
(2.5)    ηυ,=91B+,,二r′:!J=υ,‐lιl十二97_2とと
Ⅲ 2_υ
:_メ:庁















12.6J               ttχノ)=υうノ十働⇒冴ノ
























mOd J(動,WhiCh i.S thc cquality.for thc nrst oasc,
Wc gcncra■y knOw that
(2.9)       丁 冴死 三 ノ mOd lpjのぅrル猾 沈ぱ =ノ
P mod(p9αl,























































mOdデ(p+1),and ttχ(,方;れ,た)fOrた≦狩-l by(2.9).ThC dCrlnition of the elemcnts
χ('方;η;た)and(2.9)shOW that if the result for ttχ(,ガ;乃;た)Withた≠0(η-1)iS Valid,























千れ and adding above congrucnccs provc thc case for た+1, and wc havc l)(a)
inductivcly.
(b)ThC COngrucncc(2.8)impliCS the caseた=O if thc condition,≡1(p)
holds,Supposc that(b)iS Valid forた-1≦η-3,an (29)again shOws
冴X('/1,η;ん-1)P=(-1)え~lυF竺す)υ?生す1'た+1)υ″た~フたW:_1,た+1

















































mod J(2)shown in [9,PrOp.2.2]and thC Cquality υP竺11'た+1)"ヵ_1,r=O in
υ「
1】Px/(υれ1)fOr O≦′≦た.Thcsc imply thc casc(b).
2)SuppOSC thatブ=,.,ァthcn wc scc r=1(7-1)and r>l by thc condition
p才ブ,HCrc wc dcnotc




























m6d」(p+1) Now thc cascた≠1(η-1)f0110WS from(2.9)and the cascた-1.Wc












































;猾;1),and then wc get ttχ('庁;力,0.fOr
た≦猾-2 and forブ=α4,-l andた≦max(1,η―'-2)by(2.9)離
nCC W(,,ブ:幼








































rcspcctivelyl and we havo tho caso for た≦η-2. Assumc the caso カーl with
η-1≦たこ1仲-21i and WC Obtai4









mod J律+鳴_1,れWhiCh bring thc casc forたw■hη-1≦た=1(ヵ―動.
(iり Next suppOse ttat l<r=1(■-1)andら,r―p+2≦ブ≦ク,,r-1・SincO we
The Chromatic El_tcrm tt°ν?
sce that 加(,方;η;0)三伊χ身,″)/υ
'1-デ
υИ_2ηX',rι:ぬ 2/υ子とt mod」(2), wc haVC
































~2_pr tt n 3+″流3ι
F 2/υティ
modデ(p庁2+p_1), WhiCh give us thc case forた=η-2:冴χ(J方;η;η-2)
三カ:写x藩 2ヶ:流 3/υ/こ2+p■3,and Vc obtain further congrucnccs in a samc manncr as
i).
4)(a)For O≦′≦η-3,put力=(′+1)(η-2)+1.ThC rcsult of 3)shows














modゴ(2+α._1,ヵ).HCrc we notc that r+ブ+1三1(η-1)and sO p・21c(0).Notice
furthcr that χ身,r十力=χポ mOd(υだ ユ″
ぬ1).In ttct we have x刀
″+c=χtt mOd(υ粋 ∵ε
~p)
for r+ε=1(乃-1)With l≦8≦れ-l Thus χ″,″+ヵ三χtt mOd(υ7生「iε'・'r+ε p卜ε+1).














mod J(2+αИ,,fOr sOmc―zo cυ「
1】P.・
Next supposc thatえ=1(η-1)and the casc forた-l holds.Thcn thc casc forた


























mod J(1+pた,._1,1+pり.Thc Other cases follow immediatcly from 1219).
(b)Herc wc assume that!=η一名ブ=ι´ ―デ ndデ≠1.Sin貯
え(″;η,0)=χ,,r/υれ 1-力._2XIT十二/ざ9'上士十ゅ,II mOd(υユ_2)'
we computC






















lnod J(3)Assutting thc casc forた-1,wo gct thc case Sorた≠1(カー 1)'y(2,9)and












-υ 解 ち x常寿 l ι1/S′υr堂と
一η中 十た 1
mOdデ(1+2pり.l
(CI In the case r=η_2 andJ=ゼp-l with?≠-1(p)ぅWe cOmputcデχ(,方;“,0)
The ChrOmatic El_tcrm frOν:






(十航翠;Ξ】ι:/υγ~1~'4,_dυ互羽√Ξ】り:,2/υ7~1~'4r if η=4 by(2.10))
mOd J(p+1).We nOte that ιp+p=デ+1+p≦α4,/Sinceブ≦,4,r and 9≠-1(p).
Thcn thc third tcrm of the abovc congrucncc is O and so is the nrst tcrm in thc









to gain thc dcsircd congruencc
ゴχ('方;η,0)=―(9+1)υ,2χ身,/ケ1/υ岳■1
(+υ:-2X澪二七(ηυ打)ケ:・ 3/υ:_l ifブ=α“,″
-1)modデ(p+1) ThiS implics thc cascs for





























′十二〆+れ′w,1,2,and We obtain the casc for
χ('方;洵;″). WC havc thc case for″<た≠1(η-1)by(2.9)and thC Casc″<た三 1






















(d)Lastly wc assumc ι=Ю-2 andブ=9p-l With 9=-1(p).ThC following















(―υちυ翠~〆二十1ι:/υ:ifブ=α4,r~l With r≧4)modゴ(p+2)for thC Casc Ю=4.For











α‥ 十流 1+υテ町 +メノ/υだ ユ2,た+,た
+…i+l P,球キ■ 2
mOd J(1+pた+1+pり,WhiCh and(2.9)bring the results inductively.    q.c.d.
§3, Proof of the theorem
By thc dcnnition Of thc comodulcs Ar身, wc havc thc shoft cxact scquencc
O→Ar,こ;十二ち ν身/空→ νtt r―→0,
for,deancd by歳=χ/υ“
_r Dcanc冴1:″OИΓ→ν ①ИΓOИΓ by
冴1附① γ=η附①7-脇Zγ+附① γ① l,
fOr a r_comodule FИ with structurc map η,wh re(И,r)denOtes the HopF algcbroid
(B亀,B=*BP)aSSOCiatcd to thc Brown―Pctcrson spectrum BP.Then wc can vcify
that冴1冴=0, and denne
Frlν=Kcr冴1/1m冴⊂cokcr冴.
I           Now the snake lclnlna implics thc cxact scqucncc
l     (3.1)   0→河°ν身こ:+1型与 打°ν;r聖二略 μ°M身 ″_ちfrl ν
'こ
:+1,
Thc Chromatic El―tera rrOνf
in which δr is dcnned to bc:
δ″χ=J~1(冴υ〆/χ}.
In thc cxact scqucncc(3.1)for r=1,thc module打lAイP is givcn in[4,Th,2.2]:
打1抱叫ねサルZ/p[υ“,υ√
1]‐υθOο′ψαじ?νカカbα∫ねζИ α阿′ち={ι:ブ}力ro≦ブ<れ,









打°νtt r-4 μlν身こ,1 4 πlν4/聖」ち打lνtt r
is alsO cxact,wc havc an isomorphism,*:πlMP/1m δl鴬Kcr(υ,1)*,and














Considcr now thc cxact sequcncc(3,1)for r=2.Then thc nlst modulc of thc
sequcnce is kno、vn tO bc:
(3.3)[1,Th.5,10]汀°ν,1ね彦力?Z/p[υ刀 1]―町α励ルσじ降?′,サ?プ″ χ,,ノυ粋上力′テ≧Oαカプ
S≠0(p),prT′ηp―陶οカルσgη?′α″プ妙 1/υ子1/γブ≧1.
Wc will dctcrminc thc modulc rrOν,2 by thc ttct that
(3.4)[1,Rcmark 3.11]r/α∫ヵ 陶ο肋 ″ 】 げ 打°疵曙 2∫αと
'S戸
9∫ サカα′(υ.2)*B⊂αカプどル
∫θTク?ηどθB聖二ち B tt rfOν子 2ね?χα
',ど
ル"】=Fr°ν ,2・
Now wc can prOvc thc thcorcm.
PROOF OF THEOREM.  Let B dcnote thc direct sum of thc cyclc submodulcs of
汀 °M,_2 gcnCratcd by thc elemcnt χ確(α/b,C“(,,b))fOr α a d b∈Z such that b>O and
b≦α
“,ν骨)if,≠
O ThCn it is trivial by dcnnition that B⊂口OAri_2,(υヵ2)*B⊂B and
δ2(υヵ-2)*=0・It iS Sunicicnt to show that Kcr δ2⊂Im(υュ_2)*・Supposc that x




















for r>αブ< 打,F andた=0,
δ2XЙ(α/b)ら(らb))=―ブえガιlイ/υ〆Ⅲ・1+…
for″>0,デ<,“T,た>O and ciner s≠-l lp)Or s=-l lp2);。r
for r>0,ブ<銑j',0<た力ぅよ=ざコー l with P/rSr)and ι≠冷-2っ
δダ
“
(,/b,C.●,の)圭瑠 齢 1すrε/υ声 と'4・
十ユ■■+″+pt-1+pた~″十pけユ十,…1-α、4キた_.1+…
for′>0,ブ<art,P,た≧力,S=s′p-l with P/rざ,and I≠猾-2ぢ
δ2XPI('/b,Cll',b))=―プ0+1 x,141′:7υ,留1,r“
+ゴ,■+2Prfキplcキ4-1_..,.+r~二十 ・…
for r>悦デ<,4,.Withデ≠-l lp),れ≧QS′p-l and ι=乃-2)
δ2え,(9/b,ι,(α,b))=―(1+うえ澪狩ly/うだユ'・+…
for r>町ブ<,4ぅr Withブ≡-l lp)andデ≠二p-l lp2),
0≦た<″)s=ぎp-1-ano子=η-2,
δ2為19/b,C″0,の)









十PLTЙ,,十,十メ ■■ 1-aれJ五十た 二十 T,
fOr r■0,デ<arl,″Withデ=―p-l lp2),
0≦た,s=ξ′P-l and,=冷-2,
Thesc show that thcrc c?s s a g釘弩rator σ(メ)Of B and a n04nogativO i4tCgOF θ(キ)suCh
hat巧豊 づ2は)と為0)巧壁Iσ(χ)・ Her。_ ticc that x.″=υI・mOd(劣_1)SinCC υ;笠49は)
is Onc Of thc dcmcnts in(tal and O)Of Lcmma 3.2ぅthey are independent and so λ♂tx)
Thc ChromaOcど1-tcrm ttOM〒
=0,  Inductivcly 、vc deducc that λ♂=0.  Thcrcforc x=0, which contradicts to thc
assumption χギIm υ】_2 HCnCC we havc that Kcr δ2⊂Im υ刀_2・        q.c.d.
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